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Abstract: Night-time screen-viewing (SV) contributes to inadequate sleep and poor diet, and subse-
quently excess weight. Adolescents may use many devices at night, which can provide additional
night-time SV. Purpose: To identify night-time SV patterns, and describe differences in diet, sleep,
weight status, and adiposity between patterns in a cross-sectional and longitudinal manner. Methods:
Adolescents (10-16 y) reported devices they viewed at night and completed food recalls. Accelerome-
try, anthropometrics, and imaging were conducted to measure sleep, weight status, and adiposity,
respectively. Latent class analysis was performed to identify night-time SV clusters. Linear regression
analysis was used to examine associations between clusters with diet, sleep, weight status, and
adiposity. Results: Amongst 273 adolescents (12.5 & 1.9 y, 54% female, 59% White), four clusters
were identified: no SV (36%), primarily cellphone (32%), TV and portable devices (TV+PDs, 17%),
and multiple PDs (17%). Most differences in sleep and adiposity were attenuated after adjustment
for covariates. The TV+PDs cluster had a higher waist circumference than the no SV cluster in
cross-sectional analysis. In longitudinal analysis, the primarily cellphone cluster had less change in
waist circumference compared to the no SV cluster. Conclusions: Directing efforts towards reducing
night-time SV, especially TV and PDs, may promote healthy development.

Keywords: television; child; obesity; digital media

1. Introduction

Childhood obesity is a public health concern and affects 20.6% of adolescents (ages
12-19 years) in the United States (US) [1]. Adolescents with obesity are approximately
five times more likely to have obesity in adulthood compared to adolescents without
obesity [2]. Excess weight in adolescence is also related to a higher likelihood of adult
diabetes and coronary heart disease [3]. Screen-time is an important behavior to consider
in relation to obesity as a recent study found many U.S. adolescents (ages 13-17 years) have
access to a cellphone (95%) or a desktop or laptop computer at home (88%), and about half
(45%) report they use the internet constantly [4]. In a nationally representative sample of
24,500 US high school students, excess screen-time was related to an increased likelihood
of having obesity, along with unhealthy behaviors including poor diet and inadequate
sleep [5]. These findings suggest that screen-time is associated with obesity, likely through
negatively impacting diet and sleep.

Screen-time may influence dietary quality through the excess consumption of nutrient-
poor food and excess calories. For example, a cross-sectional study of 659,288 adolescents
found excess screen-time was related to higher weight status through nighttime consump-
tion of sugary drinks, fried meats, and various desserts [6]. Another study found the
relationship among TV viewing and video-game use with BMI z-score was mediated by
higher caloric intake in 283 adolescents (ages 14-16 years) with obesity [7]. Along with
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its influence on diet, screen-time may also contribute to shorter sleep duration, resulting
in excess weight gain. Accordingly, a study amongst 8th and 11th graders found the
relationship between screen-time hours and BMI percentile was mediated by short sleep
hours in boys but not girls [6]. The relationship between screen-time and short sleep may
suggest that it is important to consider the time of day when viewing screens, i.e., viewing
screens at night. Indeed, a cross-sectional study of young adolescents (ages 10-11 years)
found those who engaged in screen-time at night had a shorter sleep duration and lower
diet quality than adolescents who did not view screens at night [8].

Different types of screen use may also be an important consideration, as demonstrated
in a cross-sectional study of 926 adults, where high television users and high cellphone
users had lower dietary quality relative to heavy laptop or tablet users [9]. Further, the
number of devices may also need to be considered as multiple device use is becoming
common in adolescents [10]. In a cross-sectional study of 643 adolescents, those who
viewed multiple devices had less physical activity relative to general computer users and
computer gamers. These findings suggest that the number of devices may also differentially
impact health behaviors [11]. It is unclear if device type and use patterns, especially those
at night, are related to adolescent diet, sleep, and weight status.

In addition to examining cross-sectional associations, systematic reviews have called
for longitudinal studies to understand how screen-time impacts diet, sleep, weight status,
and adiposity over time [12,13]. Current longitudinal studies examining the relationship
between screen-time and development of poor health behaviors, weight, and adiposity
are confined to one specific device type (i.e., only TV) [14] and do not include specific use
patterns (e.g., at night) [12]. Therefore, this study aimed to: (1) classify adolescent night-
time screen-viewing patterns; (2) describe cross-sectional differences in health behaviors
(diet and sleep), weight status, and adiposity by night-time screen-viewing patterns; and
(3) evaluate the relationship between night-time screen-viewing patterns and changes in
health behaviors, weight status, and adiposity in adolescents.

2. Materials and Methods

Adolescents (ages 10-16 years) from a metropolitan area in a southeastern US state
were recruited to participate in the Translational Investigation of Growth and Everyday
Routines in Kids (TIGER Kids) prospective observational cohort study between 2016-2018,
with follow-up measurements occurring approximately 2 years after baseline measures.
Recruitment occurred via email listserv, community events, social media, and health fairs.
Exclusion criteria for the TIGER Kids study included an adolescent weighing greater than
500 pounds, pregnancy, a medically restrictive diet, and any status that hindered mobility.
Retention efforts included phone calls and emails every six months to adolescents and
families, and scheduling the follow-up visit a few months in advance. The study was
approved by the Pennington Biomedical Research Center’s Institutional Review Board.

Parents provided written informed consent and adolescents provided assent at the
baseline visit. At baseline, adolescents were asked to wear an accelerometer for at least
seven days and completed up to two dietary recalls prior to the clinic visit. Anthropometry,
imaging, and another dietary recall were performed at the clinic also. Parents reported
the adolescent’s date of birth (to calculate age), sex, race, household size, and household
income (beginning with <$10,000, then in increasing increments of $20,000 until >$140,000).
Adolescents reported whether they were in or out of school (i.e., summer or holiday) during
the measurement period and completed additional questionnaires. All questionnaires
were managed using REDCap (Research Electronic Data Capture) hosted at Pennington
Biomedical Research Center [15,16]. At the follow-up visit, anthropometric and imaging
procedures were completed in the same manner.

Adolescents completed the Screen-Based Media Use Scale at the baseline visit only,
which assessed device use and screen-viewing throughout the day [10]. This scale inquired
whether the adolescents had viewed the screens during certain times of the day over the
last week, including “right after school”, “evening in your free time”, “in bed at night”,



Int. |. Environ. Res. Public Health 2022, 19, 954 30f13

and “on weekends”. Responses for “in bed at night” were used for the present analysis.
Adolescents were asked whether they used (yes or no options) 11 devices, including,
(1) “no screen-viewing”, (2) gaming system (e.g., Xbox, play station, game cube, Wii,
Kinect), (3) cellphone (iPhone, Android phone, etc.), (4) TV (watching), (5) TV (used for
gaming), (6) Laptop (including notebook, netbook, or Mac), (7) Tablet (iPad, Android,
etc.), (8) personal computer (e.g., desktop computer), (9) portable video game device (e.g.,
PlayStation Portable or Nintendo DS), (10) touch screen music player (e.g., iPod Touch),
or (11) eReader (e.g., Kindle, Nook). If the adolescent selected “no screen-viewing” but
also selected viewing another screen device (i.e., cellphone), they were classified by the
devices they selected rather than “no screen-viewing” (n = 6). All night-time screen-viewing
options were considered when creating clusters.

Twenty-four-hour dietary recalls of food and beverage intake were used to estimate
dietary intake. These recalls were completed using the Automated Self-Administered
24-Hour Dietary Assessment Tool (ASA-24 2016), which is a web-based program created
by the National Cancer Institute [17]. Prior to the clinic visit at baseline, the research
team emailed the adolescent to complete two separate recalls at preselected intervals
(unannounced) so the adolescent could complete one weekday and one weekend recall
ahead of the visit. An additional dietary recall was completed at the visit (which happened
on a weekday). If one or no dietary recalls were completed before the clinic visit, the
adolescent was contacted within 30 days to complete further dietary recalls to obtain
their average dietary intake. At follow-up, adolescents were asked to complete up to
three dietary recalls prior to the clinic visit, one dietary recall at the clinic visit, and then
contacted within 30 days to complete further dietary recalls (maximum six recalls). The
ASA-24 utilizes the automated multiple-pass method, which creates multiple prompts
within the tool to aid in the recall of food and beverages throughout the day and has
been previously validated within this age range [18]. Using ASA-24 output, an SAS macro
was used to calculate a score corresponding to the Healthy Eating Index (HEI) 2015 [19].
HEI total score is a calorie-adjusted measurement based upon adherence to the Dietary
Guidelines for Americans in 2015. The HEI total score is comprised of 13 subcomponents
that are summed to generate a total score of 0 to 100, where a higher score indicates higher
diet quality. Average HEI total score and kilocalories from all available days (1-3 possible
days at baseline and 1-6 days at follow-up) were used in the analysis.

Accelerometry was used to measure sleep duration. Adolescents were asked to wear
an accelerometer on their hip for seven continuous days (24 h/day). A validated algorithm
was used to classify sleep and non-wear time in youth [20]. Sleep duration was calculated
using the algorithm-derived bedtime and wake time. Overall sleep duration was the
average sleep duration from all nights. Weeknight sleep duration was the average of
overnight sleep from Monday, Tuesday, Wednesday, and Thursday nights. Adolescents
with at least three days (including one weekend day) of 160 sleep minutes were included
in the analysis [20].

Waist circumference (cm) was measured at a point halfway between the inferior
border of the rib cage and the superior aspect of the iliac crest, by a trained researcher to
the nearest 0.1 cm. Clothing was moved out of the way for the measurement. A trained
researcher also completed height and weight measurements to the nearest 0.1 cm or 0.1 kg,
respectively. If the two measurements differed by more than 0.5 units, a third measure
was completed. Age- and sex-specific BMI percentiles were calculated based on national
reference data [21]. Percent of the 95th percentile was used if adolescents had a BMI
percentile >98th percentile [22]. Obesity was defined as a BMI percentile >95th percentile.
A whole-body scan with a General Electric (GE) Lunar iDXA scanner (GE Medical Systems,
Milwaukee, WI, USA) using a standard imaging and positioning protocol was used to
assess body fat percentage, fat mass, and lean mass. The amount of body fat compared to
the total body mass was used to calculate body fat percentage.

For aim one, latent class analysis was performed to identify clusters of night-time
screen-viewing at baseline using the eleven screen-viewing responses. The latent class
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cluster was defined as the probability of reporting night-time screen-viewing of the specific
device. Latent class analysis is a method used to identify latent classes of individuals
based on categorical variables [23], which in the present study were defined as “yes” or
“no”. Analyses (PROC LCA; SAS v 9.4, Cary, NC, USA) considered 2-7 clusters, and
classification metrics were used to determine the best cluster fit (i.e., lower Bayesian
information criterion (BIC), Akaike information criterion (AIC), and a higher log-likelihood
and entropy (Supplementary Table S1)) [24]. A minimum number of clusters was also
considered for the generalizability of results.

For aim two, a one-way analysis of variance (ANOVA) with a Tukey post-hoc test was
used to compare unadjusted differences between clusters in demographics; health behaviors
(HEI total score, kilocalories, overall sleep duration, and weeknight sleep duration); weight
status (waist circumference and BMI percentile); and adiposity (percent body fat, lean mass,
and fat mass). Chi-square or Fisher exact tests for small cell size were used to compare
differences between clusters in categorical variables. Multilevel linear regression models,
which accounted for the clustering of adolescents within the same household, were used
to assess the association between the independent variable of night-time screen-viewing
pattern and dependent variables of baseline health behaviors, weight status, and adiposity.
Models were adjusted for adolescent age, sex, race, in or out of school status, and household
size. Similarly, a multilevel logistic regression model was used to assess the association
between the independent variable of night-time screen-viewing cluster and the dependent
variable of obesity, with adjustment for the same covariates.

For aim three, a subsample analysis of those included in aims one and two was
conducted. Adolescents with complete measures for health behaviors, weight status,
and adiposity at follow-up were included in this analysis. As a total sample, multiple
repeated measures ANOVAs were conducted to compare the difference between baseline
and follow-up variables, including health behaviors, weight status, and adiposity. As
for differences amongst clusters, one-way ANOVA and chi-square tests were used to
compare health behaviors, weight status, and adiposity components at both baseline and
follow-up between clusters. A Tukey post-hoc test was used for pair-wise comparisons.
Multilevel linear regression models, accounting for clustering of adolescents within the
same household, were also used to examine the relationship between night-time screen-
viewing pattern at baseline with change in health behaviors, weight status, and adiposity
components. These models were adjusted for the same covariates as aim two models, along
with time between baseline and follow-up (months) and baseline values of health behaviors,
weight status, or adiposity. Multilevel logistic regression models were used to examine
associations between baseline night-time screen-viewing and obesity status at follow-up
with adjustment for the same covariates. There was no difference in health behaviors,
weight status, or adiposity at follow-up measurements between measures conducted before
the COVID-19 pandemic (March 2020) and during the pandemic (between June and August
2020, p > 0.05). A p-value of 0.05 was used for significance, and all analyses were performed
using SAS 9.4 (Cary, NC, USA).

3. Results

In total, 342 participants completed measures, and 273 participants provided complete
measures at baseline. Participants were not included in the analysis if they did not complete
the night-time screen-viewing questionnaire (1 = 2), did not complete any dietary recall
(n = 26), were missing, or did not have adequate wear time for sleep data (n = 38), or
were missing anthropometric (n = 2) or imaging measurements (n = 1). Compared to
those not included in the analysis, those that were included had a lower BMI percentile
(70.4 £ 30.5 vs. 79.8 & 24.3, p = 0.001). There were no other differences in demographics,
health behaviors, weight status, or adiposity between those that were included and those
that were not included in the analysis (p > 0.05 for all).

Overall, adolescents were 12.5 £ 1.9 years of age; 45.8% were male; 59.7% were
White and 34.8% were African American; 5.5% identified as another race (e.g., Asian) or
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identified as two or more races; the majority lived in a household with an income above
$70,000 (59.5%); and more than half completed their measurements during the school year
(59.2%). On average, adolescents had a low HEI total score (47.8 £ 11.4), reported eating
1761 + 747 kilocalories/day, and slept 8.7 & 1.0 h/night overall. Adolescents who reported
night-time screen-viewing usually watched more than one screen (1.4 & 0.8 devices).

3.1. Aim 1: Classify Night-Time Screen-Viewing Patterns

The four-cluster model was chosen, considering interpretability and all fit indices to
classify night-time screen-viewing patterns (Supplementary Table S1). The four clusters
identified included, (1) no screen-viewing, (2) primarily cellphone, (3) TV and portable
devices (TV+PDs), and (4) 2 or more PDs with no TV (2+PDs) (Figure 1). Overall, many
adolescents reported using a cellphone (37.2%) or TV (22.2%) in bed at night. The no screen-
viewing cluster (n = 95) did not indicate any screen-viewing and comprised one-third of the
sample (34.6%). The second most common cluster was the primary cellphone cluster, and
all adolescents in this cluster utilized a cellphone (100%, n = 71), with few using a laptop
computer (8.4% of cluster) or eReader (1.4% of cluster). All adolescents in the TV+PDs
cluster viewed a TV in bed at night (100%, n = 60), with some reporting using a cellphone
(39.3%) and various use of the eight other portable devices (<15% per device). The smallest
cluster was the 2+PDs cluster (17.1% of the sample, n = 47), for which the most common
device used was a tablet (57.4%, n = 27), and these adolescents reported using all other
devices except a TV (0%).

100 100 100
B No Screen-viewing
Primarily Cellphone
574 TV +PDs
39.3
212 2+ PDs
149 12.9 13.1 : 8 12.7

84185 1.6 8.5 14 1.6 49 63 1463 1.642

No screen Cellphone TV (22.2% ) Tablet Laptop Touch Video  eReader Portable Desktop  Other
viewing  (37.2%) (11.3%) Computer screen Games (2.9%) Video Computer Devices

(34.6%) (6.5%) music (3.6%) Games (1.4%) (1.0%)

player (4%) (2.1%)

Type of device used at night-time

Figure 1. Night-time screen-viewing by cluster and device used Participants could select multiple
devices unless they chose no screen-viewing; the proportion shown under each device indicates the
amount of total sample using the device at night-time; TV = television; PD = portable device.

3.2. Aim 2: Describe the Cross-Sectional Differences in Health Behaviors, Weight Status, and
Adiposity by Night-Time Screen-Viewing Patterns

As shown in Table 1, the cross-sectional differences in clusters were in age, race, and
weeknight sleep duration (p < 0.05 for all). The primarily cellphone cluster was significantly
older than all other clusters, and the TV+PDs and 2+PDs clusters were older than the no
screen-viewing cluster (p < 0.05 for all). No pair-wise differences were found in weeknight
sleep duration (p > 0.05 for all). As for weight status and adiposity, primarily cellphone
and TV+PDs clusters had a higher waist circumference and lean mass compared to the
no screen-viewing cluster (p < 0.05 for all) at baseline. Further, the TV+PDs cluster had a
higher fat mass compared to the no screen-viewing cluster (p < 0.05). There were no other
differences between clusters (p > 0.05 for all).



Int. |. Environ. Res. Public Health 2022, 19, 954

6 of 13

Table 1. Descriptive characteristics of the sample by night-time screen-viewing cluster (n = 273) .

No Screen Viewing (1 = 95)

Primarily Cellphone (n = 71)

TV + PDs (1 = 60)

2+ PDs (n = 47)

Mean + SD % Mean + SD % Mean + SD Y% Mean + SD Y% p-value
Age 11.7 £ 1.6 135+ 19 126 £2.1 126 +£17 <0.0001 *
Male 51.6 38.0 417 51.1 0.26
Race <0.0001 *
White 64.2 66.2 35.0 723
African American 32.6 28.2 61.7 149
Other 32 56 33 12.8
Household income 0.60
<$29,999 6.3 9.9 132 8.5
$30,000-$69,999 253 19.7 34.0 319
$70,000-$139,000 37.8 40.8 32.0 27.7
$140,000 or more 232 282 208 298
No response 7.4 14 115 21
Household size 47+14 41+14 43+15 43+12 0.09
In-school 56.8 63.4 56.6 59.6 0.85
Devices viewed 0.0 £ 0.0 11403 1.8+0.8 14+1.0 <0.0001 *
at night
Health Behaviors
HEI total score 499 +11.4 4724122 46.1 +10.1 465 +11.8 0.16
Kilocalories 1751.6 + 668.1 1795.8 + 922.8 1706.9 + 731.1 1802.9 + 636.5 0.90
dﬁlfﬁl (if)i}is) 88+ 0.9 87+12 85+12 89 +09 0.14
X\ffri‘lggrgf&szg 8.941.0 85415 84414 8.941.1 0.03 *
Weight Status
Waist Cifg;‘;‘ference 74.0 +16.2 81.7 + 183 83.6 4 22.0 779 +15.8 0.004 *
BMI percentile 73.4 +39.1 82.0 4389 87.4 4 53.6 775 4+ 40.7 0.23
BMI category 0.54
Underweight 3.1 14 5.0 2.1
Normal 53.6 493 383 51.0
Overweight 15.8 155 11.7 12.7
Obesity 273 33.8 45.0 34.0
Body fat (%) 332497 347 +10.9 36.0 +11.9 33.9 +10.8 0.45
Lean mass (kg) 334496 409 +103 38.9 +10.6 369+ 8.6 <0.001 *
Fat mass (kg) 185 +12.2 239 + 146 256+ 145 21.0 +12.0 0.01*

" Assessed using a One-Way analysis of variance (ANOVA) for continuous variables and a chi-squared or Fisher’s
exact test for categorical variables; TV = television; PD = portable device; HEI = healthy eating index; BMI = body
mass index; * p < 0.05.

After adjustment for demographic characteristics, those in the TV+PDs cluster had
a higher waist circumference (8 = 6.67, SE = 3.08, p = 0.03) compared to those in the no
screen-viewing cluster but no significant difference in adiposity (p > 0.05 for all) compared
to those in the no screen-viewing cluster. Those in the primarily cellphone cluster did
not have a higher waist circumference (p = 0.09) or lean mass (p = 0.08) compared to the
no screen-viewing cluster after adjustment. Age, sex, race, in-and-out of school status,
and household size were cross-sectionally related to health behaviors, weight status, and
adiposity indicators across the models (Supplementary Table S2).

3.3. Aim 3: Association between Night-Time Screen-Viewing Clusters and Changes in Health
Behaviors, Weight Status, and Adiposity

Two hundred and seventeen adolescents returned for follow-up measurements (79%
of those included in baseline analysis). Participants who did not return were unable to be
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contacted or located (1 = 41), moved out of area (n = 6), had a school or time conflict (n = 4),
withdrew from the study (n = 1), refused to give reason (n = 2), or changed their mind (n = 1).
Within those who did return (n = 217), those with incomplete accelerometry data (n = 54),
dietary recalls (n = 11), or imaging procedures (1 = 1) were not included in analysis. Those
who were included in analysis had lower fat mass (n = 151, 42.85 £ 10.18 kg) compared to
those who had incomplete data (n = 65, 46.38 £ 11.07 kg, p = 0.01). There were no other
differences in demographic characteristics, health behaviors, weight status, or adiposity
between those included and not included in follow-up analysis (p > 0.05 for all). Clusters
differed in age, race, waist circumference, lean mass, and fat mass at baseline within the
longitudinal sample (p < 0.05 for all, Supplementary Table S3).

In unadjusted models, there was a significant effect of time and cluster on overall sleep
and weeknight sleep (Figure 2). In the longitudinal sample (1 = 151), there was no significant
increase in overall or weeknight sleep (p > 0.05 for both). When considering within clus-
ters, the no screen-viewing cluster decreased their weeknight sleep between baseline and
follow-up (—0.41 £ 1.40 h/night, p = 0.03), while the primarily cellphone cluster increased
their overall (0.53 £ 1.59 h/night, p = 0.04) and weeknight sleep (0.72 &= 1.85 h/night,
p =0.02). The TV+PDs cluster’s overall sleep decreased between baseline and follow-up
(—0.55 £ 1.30 h/night, p = 0.02). As for diet, the no screen-viewing cluster decreased
their HEI total score (—5.15 £ 11.75, p = 0.001) between baseline and follow-up. There
were no other differences in health behaviors within or between clusters from baseline
and follow-up.

*

No screen-viewing Primarily cellphone TV+PDs 2+PDs Overall sample

(1 =56) (n=39) (n=32) (n=24) (n=151)

*

Night-time Screen-viewing Pattern at Baseline

M Baseline ® Follow-up

*

No screen-viewing Primarily cellphone TV+PDs 2+PDs Overall sample

(n =56)

(n=39) (n=32) (n=24) (n=151)
Night-time screen-viewing pattern at baseline
M Baseline ™ Follow-up

Figure 2. Changes in overall and weeknight sleep by night-time screen-viewing pattern. (A) Over-
all Sleep; (B) Weeknight Sleep; values presented are unadjusted means and standard deviations;
* significant difference between baseline and follow-up using paired t-test within group.
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As for weight status and adiposity, there was a significant increase in waist circumfer-
ence (5.55 & 11.00, p = 0.001), BMI percentile (4.20 & 16.8, p = 0.002), lean mass (6.59 £ 5.25,
p =0.001), and fat mass (3.66 £+ 6.30, p = 0.001) but no difference in body fat percent
(—0.20 £ 5.40, p = 0.63) in the full sample. Within clusters, the no screen-viewing, TV+PDs,
and 2+PDs clusters reported a significant increase in waist circumference (p < 0.05 for all).
Further, each cluster had an increase in lean and fat mass (p < 0.05 for all).

In adjusted models to assess the association between night-time screen-viewing and
health behaviors, weight status, and adiposity, those in the primarily cellphone cluster
had less change in their waist circumference ( = —5.56, SE = 0.80, p = 0.04) compared
to the no screen-viewing cluster. Though non-significant (p > 0.05 for all), those in the
TV+PDs cluster decreased their overall sleep (8 = —0.51, SE = 0.27, p = 0.06) and those
in the primarily cellphone cluster increased their weeknight sleep (8 = 0.63, SE = 0.35,
p = 0.08) compared to those in the no-screen-viewing cluster. Further, the TV+PDs cluster
increased their fat mass (8 =2.92, SE = 1.49, p = 0.05) relative to the no screen-viewing cluster.
No other significant associations were found between night-time screen-viewing cluster,
health behaviors, weight status, and adiposity at baseline or follow-up after adjusting for
covariates in the longitudinal sample.

4. Discussion

The purpose of this study was to identify night-time screen-viewing patterns in adoles-
cents and describe differences amongst these patterns in a cross-sectional and longitudinal
manner. This study identified four distinct patterns of night-time screen-viewing in bed
amongst a diverse cohort of adolescents. Some adolescents had no night-time screen-
viewing, but most used multiple devices, including cellphones and portable devices. In
cross-sectional analysis, clusters differed by age, race, weeknight sleep, waist circumfer-
ence, and adiposity; accounting for other covariates such as age and race attenuated most
differences between clusters. In the longitudinal analysis, clusters reported changes in
sleep, weight status, and adiposity, but only differences in weight status remained after
adjustment. Still, those who viewed fewer screens (i.e., no screens or primarily cellphone)
saw beneficial changes to their future physical development.

Specific to identifying night-time screen-viewing clusters, many adolescents in the
current sample viewed screens in bed at night, with only one-third having no night-time
screen-viewing. These results may reflect the younger adolescent age, as the no screen-
viewing cluster was younger than the other clusters, and parental restrictions on night-time
screen-viewing may be stricter in younger adolescents [25]. It may be expected that
cellphone and TV would be prevalent with the portability of the cellphone and the option
of a TV in the bedroom. A report in older adolescents (ages 13-17 years) found many used
at least one screen at night, namely cellphones (86% had access and used) [26]. This amount
is noticeably more than the current sample (37.2%), which may be due to the younger age
range (10-16 years) in the current sample. The third most common device was a tablet,
which combines the properties of both a TV and cellphones. Tablets are portable with
larger screens and device storage but may be subject to parental controls for use, including
access in the bedroom or permissions on the tablet limiting their use during bed-time
hours [27]. One possible explanation for the range of device use may be the timing of
the academic year. A cross-sectional study of 146 adolescents (16.4 & 1.0 years) found
night-time screen-viewing use differs by in school and out of school status (i.e., summer),
with more cellphone use during the in school period and more video games or TV during
the out of school period [28]. The current sample was roughly equally divided amongst in
and out of school periods, suggesting other contextual factors may warrant consideration.

Considering the variety of devices viewed while in bed, the identified clusters within
the current sample suggest the purpose of night-time screen-viewing may differ amongst
adolescents. Some adolescents only used cellphones, while others used this device in
tandem with multiple devices. One potential reason is the use of devices for communication
and socialization compared to entertainment. TVs and video game consoles may have
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internet connections for some social opportunities, but these devices are primarily used to
watch and engage in extended entertainment periods (i.e., TV shows). However, cellphones
serve a primary purpose for communication and can be used for socialization in both
short and long periods. The different features of these devices may also clarify the screen-
viewing patterns identified, as found in the cross-sectional differences between clusters:
the primarily cellphone cluster was older than other clusters and included slightly more
girls. As detailed in a cross-sectional study of 362 adolescents (12-17 years), more girls used
media at night for calling and texting in bed before sleep, and fewer girls used TV before
bedtime compared to boys [29]. Therefore, the weight status differences in the identified
clusters may be representative of both the social intent and demographic characteristics
of adolescents.

The demographic characteristics amongst the cluster and device properties are impor-
tant factors when considering individual cluster results, especially the longitudinal results.
The primary cellphone cluster reported increases in sleep from baseline to follow-up and
less change in weight status compared to the no screen-viewing cluster. These results may
be due to age, which did differ amongst clusters at baseline. The primarily cellphone cluster
was the oldest cluster and may be more stable in their sleep trajectory compared to other
clusters (e.g., no cellphone cluster). Not considering age, the changes in sleep amongst the
primarily cellphone cluster is unexpected as cellphones may contribute to night awaken-
ings, thus, shortened sleep. Amongst 846 adolescents, those with night-awakenings from
their cellphones at baseline were three times more likely to have problems falling asleep
and restless sleep one year later [30]. However, cellphones” have advanced at a rapid rate
and there are now settings (e.g., sleep mode) to prevent these awakenings and therefore
less disturbance to sleep duration. Another finding was that the primarily cellphone cluster
saw less of a change in waist circumference compared to those who did not view screens
over two years. This difference indicates the primarily cellphone cluster maintaining their
waist circumference, which may occur at an older age and not necessarily that they lost
weight over this period. We caution interpretation that primarily cellphones have healthier
patterns, as no significant differences were found in health behaviors between these clusters
over two years when adjusting for covariates.

However, others have found that primarily cellphone users are like those who do
not view screens. Amongst Brazilian adolescents (1 = 574), high cellphone users were not
different than low screen-time users in their waist circumference, whereas other screen
users (gaming and high screen-time) reported a higher waist circumference compared to
low screen-time users [31]. The use of the cellphone for intermittent communication may
mean less time is spent on this device compared to a TV or video game console, though
the duration of time spent was not captured in the present study and warrants further
investigation. Like the current study, differences in weight status and adiposity in that study
were attenuated when accounting for demographic characteristics [32]. Aside from age,
another important demographic characteristic when considering adolescent weight status
and adiposity is race. Differences in waist circumference between the TV+PDs cluster and
the no screen-viewing cluster may be indicative of a higher number of African American
adolescents in the TV+PDs cluster, rather than a biological mechanism. A nationally
representative study of children (ages 6-17 years) found African American adolescents
were more likely to have a TV in the bedroom compared to others [33], along with another
study of 369 children and adolescents that found those with a TV in the bedroom were at
risk for a high waist circumference [34].

Though differences were found in sleep between clusters, in both cross-sectional and
longitudinal results, there were no differences in diet or between the 2+PDs cluster and
other clusters in health behaviors, weight status, or adiposity. This lack of difference in
dietary outcomes suggests these other factors (e.g., age, sex, household quantity) may better
characterize health behaviors and weight status more than their night-time screen-viewing
patterns. For example, night-time screen-viewing may not directly impact diet, but older
children may have a less healthy diet and view more screens in bed compared to younger
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children. Still, the difference amongst night-time screen-viewing clusters, namely those who
viewed multiple screens, in waist circumference, may propose continued unhealthy dietary
behaviors and energy imbalance [32]. The 2+PDs cluster used various devices, including
tablets, touch screen music players, and cellphones, thus, may incorporate demographic
and social interests of both the primarily cellphone and TV+PDs clusters. Nonetheless,
those who viewed fewer screens (primarily cellphone and no screen-viewing) reported
healthier behaviors, weight status, and adiposity relative to those who viewed multiple
devices (i.e., TV+PDs and 2+PDs cluster).

Strengths of the current study include a large and diverse sample (34.8% African
American, 5.5% other race), which is a comparable proportion to a nationally representative
cohort of US adolescents (ages 12-19 years, 34.4% African American, 4.4% other race) [12],
the use of device-based measures for sleep, imaging methods to assess adiposity, and
a longitudinal study design. Device-based measures of sleep duration may provide a
more accurate measure of actual sleep relative to parent-reported sleep [35], thus, the
current study expands upon previous screen-viewing research using parent and self-
reported sleep [5,6,8]. The current study also assessed multiple common devices (e.g.,
eReader, cellphone, PlayStation), rather than only one device (e.g., TV) to address deficits
highlighted in other screen-time research that solely focused on TV [5]. Still, one limitation
of the current study is that additional information on the length of device usage and
concurrent usage at night was not assessed but could provide additional context, as well
as the purpose of screen-viewing and potential exposure to food advertisements or other
content that may influence adiposity and health behaviors [10]. These reports are also
historical and diary-based, and a limitation is that there was no objective assessment of the
use of these devices at night. A consideration and another limitation for the current study
is the potential underreporting of energy intake as adolescents with higher BMI percentiles
may underreport energy intake [36], and much of the sample had overweight (14.2%)
or obesity (34.27%). However, the current ASA-24 2016 utilizes an updated automated
multiple-pass method [17] since the publication of Singh (2009) [36], which may increase
the reporting of food items through prompting multiple recalls. The current study also
used HEI total score, which is a calorie-adjusted score of diet quality. Though this study
obtained longitudinal measures, a limitation is there was no assessment of night-time
screen-viewing at follow-up. Therefore, it is unclear if patterns changed between baseline
and follow-up. Further, long-term short sleep or sleep deprivation may contribute to
obesity, but the current study was limited to measures at two timepoints almost 2-years
apart. Other psychological considerations such as addiction to screen-time devices were
also not captured in the current study. Another limitation is only 55% (n = 151) of the
original sample in analysis (n = 273) had complete data at follow-up, and smaller groups
were used for longitudinal analysis (range: 24-56 people per cluster). The changes over
time were small and may be subject to chance and other maturation processes not measured
in the current sample as well.

These findings suggest three specific next steps in research to improve measurement,
assessment of sleep lost, and changing screen-time habits. First, future studies could use
ecological momentary assessment (EMA), which is a tool that assesses health behaviors in
real-world environments using electronic surveys and device-based measures [37]. Though
the TIGER Kids study did collect EMA measures during baseline measurements, these
EMA methods were specific to daytime activities and did not occur beyond 8:00 p.m. to
not interrupt the adolescent’s bedtime routine or sleep [38]. EMA methods may improve
the validity and reliability of dietary assessment by assessing diet through event-based and
time-based sampling [39], especially in individuals with overweight or obesity [40]. Second,
opportunities to identify the amount of sleep delayed, level of sleep deprivation, or lost
from viewing screens at night may help quantify the impact of screen-time on adolescent
sleep. Recent use of isotemporal substitution modeling, whereby substituting one behavior
for another such as sleep and screen-time, is another statistical technique that can assess
the relationship between screen-viewing, sleep, and excess weight [41]. Adoption of this
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technique within the adolescent population could identify the impact of sleep, screen-
time, and overall sedentary behavior in the adolescent population. Finally, continued
modern assessment of screen-time is needed within a larger and diverse longitudinal
cohort. Modern assessment should include measurement of psychological variables, such
as problematic use and addiction, and length of use, such as binge-watching. Examination
of multiple time points, context, duration, and asking about usage of the latest types of
devices may help better understand adolescents” use of screens in bed at night and the
relationship between night screen-time and adolescent health behaviors, weight status,
and adiposity.

5. Conclusions

Overall, this study found that one-third of the adolescents viewed screens at night
in bed, which may include multiple devices. This study contributes to the evidence that
night-time screen-viewing is nuanced, with differing associations between health behaviors,
weight status, and adiposity when viewed at one time point and after 2 years. Health
professionals should encourage reducing or eliminating night-time screen-viewing and
promoting a healthy diet and sleep hygiene for appropriate adolescent growth.
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